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Comparison of a CHOP-LAsp-based protocol
with and without maintenance for canine
multicentric lymphoma
E. M. Lautscham, M. Kessler, T. Ernst, L. Willimzig, R. Neiger
The recommendation to treat canine lymphoma with a discontinuous protocol is based on
small case numbers and mostly historic controls. This study compares duration of ﬁrst
remission (DFR) and overall survival time (ST) with a discontinuous protocol to the same
protocol with maintenance phase. 408 dogs were treated with a CHOP-LAsp
(C=cyclophosphamide; H=hydroxydaunorubicin; O=Oncovin; P=prednisolone;
LAsp=L-asparaginase)-based 28-week induction protocol. In 75 dogs (cohort 1), this was
followed by a maintenance phase consisting of vincristine, chlorambucil and actinomycin-D
with a total treatment duration of two years. In the subsequent 333 dogs, therapy was
discontinued after induction (cohort 2). Median DFR and ST in cohort 1 were 216 and
375 days and 184 and 304 days in cohort 2. 6-Month, 1-year and 2-year survival rates in
cohort 1 were 73 per cent, 50 per cent, 24 per cent and 67 per cent, 39 per cent, 21 per cent
in cohort 2. There was no signiﬁcant difference between the two protocols (P=0.291 for ST,
P=0.071 for DFR). On multivariate analysis, corticosteroid pretreatment (P=0.005),
thrombocytopenia at diagnosis (P=0.019), stage (P=0.009), substage b at relapse (P<0.001),
age (P=0.002) and incomplete or unstable remission necessitating intensiﬁcation of therapy
(P=0.004) were negatively correlated with ST in both groups. This study supports the use of a
discontinuous protocol for canine multicentric lymphoma.
Canine multicentric lymphoma is treated with systemic chemo-
therapy, and there are numerous studies investigating different
chemotherapy protocols with regard to efﬁcacy and adverse
effects. In the 1970s and 1980s, protocols consisting of
Cyclophosphamide, vincristine and Prednisone (COP) were used
for induction of remission and were usually followed with a pro-
longed period of ‘maintenance’ therapy mostly involving pred-
nisone and cytotoxic drugs such as chlorambucil and
methotrexate (Cotter 1983, Carter and others 1987, Hahn and
others 1992, Boyce and Kitchell 2000, Jeffreys and others 2005).
In the 1980s and 1990s, Doxorubicin was added to the COP
induction protocol, making it a ‘CHOP-protocol’. Various
CHOP-based protocols were published following these decades,
all consisting of a CHOP-based induction phase, again followed
by a prolonged maintenance phase (Teske and others 1990, Stone
and others 1991, Keller and others 1993, Myers and others 1997,
Zemann and others 1998, Kessler and Kandel 2004, Siedlecki and
others 2006, Simon and others 2008, Daters and others 2010).
Over the past 15 years, various studies have suggested that dis-
continuous polychemotherapy protocols ranging from 12 to
26 weeks total duration without a maintenance phase are
equally or even more effective than the older continuous proto-
cols with maintenance therapy (Chun and others 2000, Moore
and others 2001, Garrett and others 2002, MacDonald and
others 2005, Simon and others 2006, Hosoya and others 2007,
Rassnick and others 2010, Simon 2010, Sorenmo and others
2010). However, this observation is based on relatively small
numbers of dogs (n=24–130). In addition, most of these studies
used published historic data from continuous protocols as con-
trols, accepting the disadvantage of comparing a completely dif-
ferent induction protocol from a different institution to a new
discontinuous protocol (Behera and others 2007). This subopti-
mal approach makes a meaningful comparison rather challen-
ging, and a study re-evaluating the use of maintenance therapy
after a CHOP-based induction protocol in a larger number of
dogs seems desirable.
The goal of this present study was to compare the same
CHOP-LAsp protocol with and without a prolonged mainten-
ance phase on a large study population, treated in the same insti-
tution and by the same clinicians. It was hypothesised that a
polychemotherapy protocol with maintenance phase proves
superior to a discontinuous protocol when conducted as a cohort
study of comparable patient composition in a single institution
eliminating interinstitutional variances and the disadvantage of
using historic controls. Aside from protocol duration, other
factors historically known to inﬂuence the outcome in canine
lymphoma such as T/B-immunophenotype, stage, substage and
corticosteroid pretreatment (Greenlee and others 1990, Myers
and others 1997, Kiupel and others 1999, Piek and others 1999,
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Dobson and others 2001, Jagielski and others 2002, Sauerbrey
and others 2007, Simon and others 2008, Rebhun and others
2011) were also evaluated to assess if any of these were of
greater importance than the duration of therapy.
Materials and methods
All 408 dogs with multicentric high-grade lymphoma treated
with polychemotherapy at the Small Animal Clinic Hofheim
(Germany) between 1997 and 2011 were retrospectively ana-
lysed. The diagnosis had been established in all dogs before
therapy by ﬁne needle aspiration or Tru-Cut biopsy of one or
multiple enlarged peripheral lymph nodes and staging was per-
formed according to the WHO staging system (Owen 1980)
including two-view chest x-rays, abdominal ultrasound, haema-
tology including blood smear and clinical chemistry proﬁle.
Patient data including tumour grade, imaging ﬁndings and
staging information were taken from the clinical records. No sys-
tematic review of the histopathological or cytological slides or
radiographic images was performed. Immunophenotyping (CD
3, CD 79a) was performed in 129 dogs. Bone marrow biopsies
were not routinely performed but all dogs with >5 per cent
lymphatic blast cells on blood smear were deﬁned as leukaemic
lymphoma and classiﬁed as stage V. Clinical substage was
recorded at time of initiation of therapy and at time of relapse.
Glucocorticoid pretreatment by a referring veterinarian was
deﬁned as any application of a steroid longer than seven days
before initiation of chemotherapy.
All 75 dogs presented between 1997 and 2003 were treated
with a CHOP-LAsp (C=cyclophosphamide: Endoxan; Baxter
S.A.; H=hydroxydaunorubicin—doxorubicin: Doxo-cell; STADA;
O=Oncovin—vincristine: cell-cristin; STADA; P=prednisolone:
Prednisolon; cp-pharma; LAsp=L-asparaginase: Asparaginase;
Medac GmbH) induction protocol of approximately seven
months duration followed by a maintenance phase consisting of
vincristine, chlorambucil (Leukeran; Aspen), L-asparaginase and
actinomycin-D (Cosmegen, Lyovac; Merck & Co.). If dogs
remained in remission, maintenance therapy was discontinued
after a total treatment duration of two years (cohort 1, Hofheim
I protocol, Table 1). From 2004 to 2011, 333 dogs were treated
with the same CHOP-LAsp induction protocol but without a
maintenance phase (cohort 2, Hofheim II protocol, Table 1).
Rescue therapy using various protocols was initiated when dogs
came out of remission. In cases of side effects, dose modiﬁcations
were undertaken sporadically. In cases with incomplete or
unstable remission during the induction phase, intensiﬁcation
was usually performed by replacing cytarabine (ARA-cell;
STADA) with lomustine (CeCeNu; Medac GmbH).
All dogs were examined and treated by the same small group
of clinical oncologists. Response to therapy was deﬁned as com-
plete remission (CR) if after the ﬁrst cycle of the induction
protocol all peripheral lymph nodes returned to physiological
size with complete resolution of tumour-associated symptoms
including hypercalcaemia (if present). Partial remission (PR) was
deﬁned as a >50 per cent but <100 per cent remission and no
remission (NR) as increase in lymph node size and/or recurrence
of hypercalcaemia, or less than 50 per cent regression of measur-
able tumour size. Chemotherapy-induced adverse effects were
classiﬁed and documented according to the Criteria of the
Veterinary Co-operative Oncology Group (VCOG—CTCAE
2004), but no comparative evaluation was done in the context of
this study.
All data were registered in Microsoft Excel 2011 and statistic-
ally analysed using a commercial software package (SPSS V.22).
Duration of ﬁrst remission (DFR) was calculated from the ﬁrst
day of therapy until clinical signs of relapse were identiﬁed or
until the patient died or was lost to follow-up. The survival time
(ST) was deﬁned as the time from the ﬁrst day of therapy until
death for any reason. Dogs not dying of tumour-associated
reasons or lost to follow-up were censored. The information
about the reasons of death was taken from the clinical records or
from enquiries with the owner and/or referring veterinarian and
was based on the documentation of progressive disease unre-
sponsive to chemotherapy in conjunction with poor quality of
life. Dogs with unclear reason of death were censored. None of
the dogs had postmortem examination performed after death.
The ST in dogs that were still alive at the time of evaluation was
calculated from the ﬁrst day of therapy until the time of closure
of the study on December 31, 2013, thus making up for a
minimum follow-up time of two years after initiation of
therapy. Dogs with an unknown date of death were assigned as
‘lost to follow-up’ and censored at the time of their last
follow-up.
Differences between both protocols regarding DFR and
overall ST were analysed using Kaplan-Meier log-rank analysis.
In addition, multivariate Cox forward regression was used to
evaluate the following other prognostic variables for their associ-
ation with DFR and overall ST: clinical stage, substage at time of
diagnosis and at time of relapse, corticosteroid pretreatment
before initiation of chemotherapy, B/T-immunophenotype, pres-
ence of hypercalcaemia (total serum calcium concentration
above reference range) or thrombocytopenia at the time of diag-
nosis (deﬁned as platelet counts of <200,000 cells/μl whole
blood) and the need to intensify induction therapy using lomus-
tine. The cause of death was categorised as death or euthanasia
due to tumour-related reasons (progressive disease and/or
decreased quality of life) and non-tumour-related reasons.
Results with P≤0.05 were considered signiﬁcant.
Results
Study population
The 408 dogs belonged to a total of 86 breeds, with the follow-
ing breeds represented by ≥10 dogs: mixed breed (n=113),
TABLE 1: Hofheim CHOP-LAsp protocol (with or without maintenance phase)
Day
Drugs and dosages 1 4 10 20–24 32 40
Vincristine: 0.65–0.75 mg/m2 intravenous *
L-Asparaginase: 10,000 IU/m2 intramuscular * *
Cyclophosphamide: 180–200 mg/m2 orally *
Cytarabine: 60 mg/m2 subcutaneous every 8 hours on four consecutive days *
Doxorubicin: 25–30 mg/m2 intravenous *
Induction protocol: four cycles with a duration of 40 days every cycle. Between the cycles, there is a break of 14 days
Prednisone is used for the first four weeks in a tapering dose. First week 2 mg/kg every 24 hours, second week 1 mg/kg every 24 hours, third week 0.5 mg/kg every
24 hours and fourth week every second day 0.5 mg/kg
Maintenance protocol (cohort 1 only): vincristine: 0.65–0.75 mg/m2 intravenous; chlorambucil 1.4 mg/kg orally; L-asparaginase 10,000 IU/m2 intramuscular; actinomycin-D
0.6–0.7 mg/m2 intravenous
For four months, drugs are administered in two-week intervals then for six months in three-week intervals followed by four-week intervals for a total therapy duration of
two years. Discontinuation of therapy after two years if dog is in complete remission
Intensification: lomustine: 60–80 mg/m2 orally
*Drug administered.
CHOP-LAsp, C=cyclophosphamide; H=hydroxydaunorubicin; O=Oncovin; P=prednisolone; LAsp=L-asparaginase.







golden retriever (n=25), Rottweiler (n=23), Bernese mountain
dog (n=22), West Highland white terrier (n=12), Briard (n=11),
American Staffordshire terrier (n=11) and labrador retriever
(n=10). The median age of all dogs was 7.9 years (range:
2–15 years) and the median bodyweight was 30.2 kg (range:
1.1–75 kg). In total, 224 dogs were male (with 75 castrated) and
184 dogs were female (with 87 spayed). The epidemiological
characteristics of the study population have been published
elsewhere (Ernst and others 2015).
In total, 6 of the 408 dogs (1.5 per cent) were WHO stage I,
15 (3.7 per cent) stage II, 178 (43.6 per cent) stage III, 125 (30.6
per cent) stage IV and 84 (20.6 per cent) stage V. Also, 271 of the
408 dogs (66.4 per cent) were substage a and 137 (33.6 per cent)
substage b. A total of 126 dogs (30.9 per cent) had thrombocyto-
penia at time of diagnosis (median 150,000 cells/μl, range:
12,700–199,000 cells/μl). Also, 113 of the 408 dogs (27.7 per
cent) had been pretreated with corticosteroids by the referring
veterinarian. Since immunophenotyping was not routinely avail-
able in Germany in the early phases of the study, only 129 dogs
in cohort 2 were immunophenotyped, resulting in 102 B cell
(79.1 per cent) and 27 T cell lymphomas (20.9 per cent). Total
serum calcium concentration was measured in 348 dogs (85.3
per cent) and hypercalcaemia was detected in 42 (12.1 per cent)
of these cases.
There was no statistically signiﬁcant difference in the com-
position of the two dog cohorts regarding the distribution of
breed, gender, age, weight and clinical stage of disease.
Treatment response and STs
In total, 317 of the 408 dogs (77.7 per cent) reached a CR on the
induction protocol and the response rate did not differ between
both treatment protocols (P=0.206).
The median DFR for dogs treated with the Hofheim I proto-
col (216 days; range: 147–284 days) was not signiﬁcantly differ-
ent (P=0.071) from dogs treated with the Hofheim II protocol
(184 days; range: 145–222 days). Using Cox regression analysis,
no signiﬁcant association was detected between the DFR of both
study cohorts and age, gender, bodyweight, corticosteroid pre-
treatment, substage, hypercalcaemia, thrombocytopenia and
T/B-immunophenotype.
The median overall ST for the 75 dogs treated with the
Hofheim I protocol was 375 days (range: 3–3982 days), and the
6-month, 1-year and 2-year survival rates were 73 per cent, 50
per cent and 24 per cent, respectively. The median overall ST for
the 333 dogs in cohort 2 was 304 days (range: 1–3374 days), and
the 6-month, 1-year and 2-year survival rates were 67 per cent,
39 per cent and 21 per cent, respectively. There was no signiﬁ-
cant difference between the two treatment cohorts regarding
overall STand survival rates (log-rank test P=0.291) (Fig 1).
When only the dogs that completed the induction protocol
were analysed (n=245), the median overall ST for the 50 dogs
treated with the Hofheim I protocol was 481 days (range: 204–
3982 days), and the 1-year and 2-year survival rates were 70.5 per
cent and 35 per cent, respectively. The median overall ST for the
195 dogs treated with the Hofheim II protocol was 426 days
(range: 204–3,374 days), and the 1-year and 2-year survival rates
were 59 per cent and 30.8 per cent, respectively. Again, there was
no signiﬁcant difference between the two treatment cohorts
regarding overall ST and survival rates (log-rank test P=0.573).
A total of 165 dogs were in CR after ﬁnishing the induction
protocol and had data available regarding the exact time of
relapse. When this subset of dogs was analysed and compared
between both treatment cohorts, the DFR for the 33 dogs that
were continued on the maintenance protocol (Hofheim I proto-
col) was 358 days (range: 337–378 days) and the DFR for the
132 dogs that received no further therapy until relapse (Hofheim
II protocol) was 292 days (range: 260–323 days). There was no
signiﬁcant difference in DFR between both treatment groups
(P=0.108).
On multivariate analysis, corticosteroid pretreatment
(P=0.005), thrombocytopenia at the time of diagnosis
(<200,000 cells/μl whole blood P=0.019), age (P=0.002), incom-
plete or unstable remission necessitating the use of lomustine
(P=0.004), substage b at time of relapse (P<0.001) and stage
(P=0.009) were negatively correlated with ST. STwas not signiﬁ-
cantly inﬂuenced by T/B-immunophenotype (P=0.909) (Fig 2),
presence of hypercalcaemia (P=0.593) or substage at beginning
of therapy (P=0.255). The six dogs in WHO stage I had longer
ST compared with the dogs in more advanced stages. By censor-
ing the dogs in WHO stage I from the multivariate analysis,
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FIG 1: Kaplan-Meier plot comparing overall survival time in dogs
receiving Hofheim 1 protocol (with maintenance) and dogs receiving






































FIG 2: Kaplan-Meier plot comparing survival time depending on
Tcell and B cell phenotype independent of protocol used







A total of 258 dogs (cohort 1 n=51, cohort 2 n=207) ex-
perienced a relapse during treatment. Also, 134 of the 258 dogs
(51.9 per cent) received a rescue therapy with a similar propor-
tion in both treatment cohorts (28/51 dogs (54.9 per cent) and
106/207 (51.2 per cent), respectively. The median duration of the
second remission for dogs with the Hofheim I protocol was
73 days (range: 23–122 days) and 97 days (range: 81–112 days)
for dogs treated with the Hofheim II protocol (P=0.141).
The cause of death was recorded for 340 dogs: 268 dogs (78.8
per cent) died or were euthanased due to tumour-related reasons
and 72 (21.2 per cent) died or were euthanased for reasons unre-
lated to the lymphoma.
Discussion
Globally, the Madison-Wisconsin protocol is the most widely
used CHOP-LAsp-based protocol besides the ‘original’ continu-
ous protocol published by Keller and others (1993), and varia-
tions without maintenance phase with 25-week, 19-week and
12-week duration have been published (Garrett and others 2002,
MacDonald and others 2005, Simon and others 2006) (Table 2).
Variations of this protocol are also the basis for the Hofheim I
and II CHOP-LAsp protocols used in this study.
Including a much larger number of dogs than all other
studies on canine lymphoma published so far, this study could
not demonstrate a signiﬁcant difference in DFR and ST between
dogs treated with a continuous versus discontinuous protocol.
There was only a trend for an improved survival rate at one year
in those dogs that had ﬁnished all cycles of the induction proto-
col and were continued on a maintenance protocol (70.5 per cent
survival rate compared with 59 per cent of the dogs that were
left without maintenance therapy). This trend may simply
reﬂect the fact that dogs on a prolonged maintenance therapy
remain in closer observation by an oncologist. Therefore, relapses
may be detected earlier and treated more promptly, which even-
tually may have an inﬂuence on both the ST but also on the
documentation of the duration of DFR.
The question of the optimal duration of a discontinuous
protocol has yet to be answered. Total treatment duration of dis-
continuous protocols mostly ranges between 12 and 26 weeks
(Chun and others 2000, Moore and others 2001, Garrett and
others 2002, Simon and others 2006). The protocol used for
cohort 2 of the present study had a total duration of 28 weeks,
which makes it one of the ‘longer ’ protocols compared with
other published protocols. It is therefore unknown if signiﬁ-
cantly shorter protocols would lead to the same results.
Prolonged close monitoring of the dogs and counselling of the
client by an oncology specialist may have an important inﬂuence
on the performance of a protocol.
It has been hypothesised that protocols that include a main-
tenance phase with ‘weaker ’ cytostatic drugs may actually
promote the development of multidrug resistance, which may
lead to a decreased ST in dogs treated with such protocols
(Moore and others 1995, Moore and others 2001). This study’s
data do not support this hypothesis since maintenance therapy
did not negatively inﬂuence the DFR and ST nor the duration of
a second remission after reinduction of a relapsed lymphoma.
From a practical standpoint, a continuous chemotherapy
protocol is associated with increased stress for the dog and
higher treatment costs and may therefore affect owner compli-
ance. Since maintenance chemotherapy seems of no additional
beneﬁt in canine multicentric lymphoma, discontinuous proto-
cols should be favoured due to fewer hospital visits and lower
treatment costs.
Dogs with T cell lymphoma have been reported to have a
poorer prognosis in comparison to lymphoma of B cell pheno-
type (Moore and others 1994, Teske 1994, Teske and others 1994,
Valerius and others 1997, Dobson and others 2001).
Interestingly, the present study could not detect differences in
DFR and ST between the two phenotypes. Unfortunately,
immunophenotyping was only performed in 129 dogs, which
limits the statistical power of this observation. Hypercalcaemia
has been associated with the T cell phenotype (Greenlee and
others 1990, Teske 1994, Teske and others 1994, Ernst and others
2015) and has therefore been associated with a poorer prognosis
(Greenlee and others 1990, Teske 1994, Teske and others 1994,
Valerius and others 1997). This study could not demonstrate a
signiﬁcant association between hypercalcaemia and DFR or ST
in the 42 dogs in which hypercalcaemia was present.
In this study, there was a negative correlation between the
application of lomustine in the induction protocol and ST. Dogs
receiving lomustine for intensiﬁcation of therapy during the ﬁrst
four cycles lived approximately 100 days shorter compared with
dogs that did not require treatment intensiﬁcation. Lomustine
has been described as an effective agent in the treatment of
relapsed lymphoma due to the lack of cross-resistance with other
drugs (Moore and others 1999, Saba and others 2007). The
authors believe that the shorter ST in dogs receiving lomustine is
due to the fact that these cases clinically exhibited unstable or
incomplete remissions and therefore it can be assumed that
these lymphomas belonged to more aggressive subtypes. It has
been demonstrated that certain subtypes of B cell and T cell
lymphomas exhibit a more aggressive behaviour and therefore
may result in differences in remission rates, DFR und ST (Ponce
and others 2004, Valli and others 2013). Unfortunately, in this
study no cytological subtyping of the lymphomas was per-
formed, and therefore, the reasons for poor response in these
cases could not be studied further.
Findings conﬁrm previous results that glucocorticoid pretreat-
ment is negatively correlated with ST (Price and others 1991, Vail
and others 2001). Thrombocytopenia at the time of diagnosis
was negatively correlated with ST in this study, which is in con-
trast to a positive correlation between thrombocytopenia
(<200,000 cells/ml) and ST seen previously (Garrett and others
2002). In another study, thrombocytopenia was a negative prog-
nostic factor for DFR, but not for ST (Zemann and others 1998,
Moore and others 2001). Bone marrow involvement of the
tumour or immune-mediated mechanisms has been proposed as
mechanisms for thrombocytopenia, which occur in conjunction
with lymphomas (Madewell 1986, Moore and others 2001).
Since bone marrow biopsies were not part of the work-up of












































FIG 3: Kaplan-Meier plot comparing the survival time according to
WHO stage independent of protocol used. Patients in stage I had a
signiﬁcantly improved survival time compared with all other stages







Older age and substage b at the time of relapse was asso-
ciated with a shorter ST in this study. Despite reaching statis-
tical signiﬁcance, this may simply reﬂect the owner ’s decision to
euthanase the pet due to old age and/or reduced quality of life
and may not be an independent prognostic factor.
Although dogs given either protocol were treated in the same
institution, by the same clinicians, using the same induction
protocol and despite the comparatively high number of cases,
the study has several limitations. Any retrospective study is
dependent on the quality and consistency of the documentation
of the clinical information. In clinical studies, the outcome of
therapy and STof the patient may also strongly be inﬂuenced by
external factors such as owner compliance and ﬁnancial consid-
erations. Since the present study spans a long time period, these
two issues may become especially relevant.
In this study, remission status was documented using a
rather subjective assessment of CR, PR or NR based on palpation
ﬁndings of the peripheral lymph nodes. The adaptation of the
RECISTcriteria to haematopoietic tumours published in 2010 by
Vail and others allows for a standardised assessment and docu-
mentation of remission status in patients with lymphoma. This
system was not used in the present study since the inclusion of
dogs was started long before publication of these RECIST adap-
tations, and therefore, it appeared not feasible to retrospectively
apply these criteria. Another limitation of the study is the lack
of cytological or ﬂow cytometric subtyping and the limited
T/B-immunophenotyping. Therefore, it is not possible to evalu-
ate the effect of a continuous versus discontinuous protocol on
the various subtypes of lymphoma.
Further randomised prospective studies with large case
numbers are warranted to ﬁnd the most effective treatment
duration for multicentric lymphoma in dogs. In the future, the
choice of chemotherapy protocol may not only be inﬂuenced by
histological and immunohistochemical subtype but also by cyto-
morphological characterisation or even genetic proﬁling of the
tumour.
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